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I - SUMMARY 


1 . 


Five recent NASA Contractor Reports were written and published 
by Mar-Test Inc. to describe short-term tensile and low-cycle 
fatigue evaluations of eighteen (18) candidate materials (17 copper- 
base alloys along with pure silver) for regeneratively-eooled, re- 
usable rocket nozzle liners. Test temperatures ranged from room 
temperature to 593°C with all the elevated temperature tests being 
performed in high purity argon. All low-cycle fatigue tests were 
performed in axial strain control with strain ranges being selected 
to define the fatigue life to about 3000 cycles. A limited 
evaluation of strain-rate and hold-time effects was also included 
for selected alloys. 

Following the formal publication of the results of these 
tests it was decided that a more detailed analysis should be made 
of each test to furnish a more comprehensive description of the 
low-cycle behavior of each material. This re-analysis focused on 
the 188 previously reported low-cycle fatigue tests and led to 
a plot of load range versus cycles for each test. It also yielded 
a typical hysteresis loop for each test chosen near the region of 
half-life. And, finally, this re-analysis led to a summary table 
to allow the values of Nc (cycles to a five percent load range drop) 
and Nf (cycles to complete specimen separation) to be compared for 
each lest. 

In many of these tests a cyclic softening behavior was ex- 
hibited and it was not possible to identify a stabilized load 
range value for use in calculating N 5 . For these instances, the 
interpretation adopted was based on a five percent reduction from 
the load range value obtained at the point where a decided change 
in curvature was noted in the semi - 1 ogari thmi c plot of load range 
versus cycles in the regime near fracture. 


\ 
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II - INTRODUCTION 


In recent NASA programs, NAS3-16753 and NAS3- 
1 7777, a detailed evaluation was made of the .short-term tensile 
and low-cycle fatigue behavior of numerous candidate materials 
for regenerati vely-cool ed , reusable rocket nozzle liners such as 
found in the engines of the Space Shuttle, Orbi t-to-Orbi t Shuttle, 
Space Tug, etc. Thi results obtained in these studies have been 
described in the following series of NASA Contractor Reports: 


NASA CR-121259 


NASA CR-121260 


NASA CR-121261 


NASA CR-134627 


NASA CR-134628 


High Temperature, Low-cycle 
Fatigue of Copper-base Alloys in 
Argon; Part I - Preliminary 
Results for 12 Alloys at 
1000°F (538°C). 

High Temperature, Low-cycle 
Fatigue of Copper-base Alloys 
in Argon; Part II - Zirconium- 
copper at 482°C,538°C and 593°C. 

High Temperature, Low-cycle 
Fatigue of Copper-base Alloys in 
Argon; Part III - Zirconium- 
copper; Thermal-mechanical Strain 
Cycling, Hold-time and Notch 
Fatigue Results, 

High Temperature, Low-cycle 
Fatigue of Advanced Copper-base 
Alloys for Rocket Nozzles; Part I - 
Narloy Z. 

High Temperature, Low-cycle 
Fatigue of Advanced Copper-base 
Alloys for Rocket Nozzles; Part II- 
NASA 1.1, Glidcop, and Sputtered 
Copper A1 loys . 




Subsequent assessments by NASA personnel of the material 
property data presented in the above reports indicated that from a 
design point of view a more detailed evaluation of the stress-strain 
information recorded in the low-cycle fatigue tests was desirable. 

It was decided, therefore, that in Task I of this program a more 
comprehensive analysis would be made of each low-cycle fatigue test 


m 


performed during the last two NASA-sponsored programs performed by 
Mar-Test Inc. The strip chart records for each fatigue test were 
subjected to additional analys'is so that a plot of load versus 
cycles could be prepared. In addition, it was decided that a 
typical hysteresis loop, selected near half-life, would be pre- 
sented for each test. And finally, this Task I effort was to 
present a tabular summary for all the fatigue tests to compare 
the values. of N5 (cycles corresponding to a five percent load 
range drop) and Nf (cycles to complete specimen separation) for 
each t«ist condition and material. 


4 . 


Ill - MATERIALS AND SPECIMENS 


A total of nineteen (19) alloy designations was 
involved throughout the course of the material evaluations per- 
formed by Mar-Test Inc. on NASA Contracts NAS3-16753 and NAS3- 
17777. These designations together with a brief alloy definition 
are as follows: 

R-0 Zi rconi um-copper , annealed 

R-1 Zirconium-copper, k hard 

R-2 Zi rconi um-copper , h hard 

R-3 Tellurium-copper, h hard 

R-4 Chromium-copper, solution annealed and aged 

R-5 OFHC copper, hard 

R-6 OFHC copper, h hard 

R-7 OFHC copper, annealed 

R-8 Silver, as-drawn 

R-9 Zr-Cr-Mg copper, solution annealed., cold 

worked and aged 

R-10 El ectroformed copper, 30-35 ksi 

R-13 Co-Be-Zr copper, solution annealed and aged 

R-20 A second lot of zirconium-copper, h hard 

R-21 NASA 1-lA copper alloy, aged 

R-22 NASA 1-lB copper alloy, as-received 

R-23 Glidcop AL-10 

R-24 Narloy Z, centrifugal ly cast, hot-rolled, 

solution annealed and aged 
R-25 Sputtered zirconium-copper, annealed 

R-26 Sputtered zirconium-copper, as-sputtered 


All these materials were supplied by NASA-Lewis 
Research Center to Mar-Test Inc. and test specimens were then 
fabricated in accordance with the design shown in Figure 1. Special 
storage procedures were observed for the as-fabricated and post- 
test specimens and these are described in the contractor reports 
covering the test programs mentioned above. 
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IV - DISCUSSION OF DATA 


A review of all the low-cycle fatigue tests performed 
on the two previous NASA-sponsored programs at Mar-Test Inc. led to 
the summary presented in Table 1. Each task of each program is 
treated individually to indicate the number of low-cycle fatigue 
tests performed for each material. This sequencing was also used 
in the presentation of the data plots and summary tables for this 
report. In other words, the data for the R-0 tests are presented 
first, followed by the data for the R-1 tests, etc. It will be noted 
that there are 188 tests involved in this data reporting activity. 

For each test the load traces were reviewed first and 
a plot was made of the load range as a function of the number of 
cycles. In general, the first and second cycle information was read 
from the x-y traces (stress-strain hysteresis loops) and these points 
were plotted. Then this plotting was continued for subsequent cycles 
using load range information as read from the strip-chart recor*- i 

ings. A sufficient number of data points was selected throughout 
the fatigue life to define a fairly smooth pattern for the plot of 
load range versus cycles. Such plots for the 188 tests involved in 
this evaluation are presented in Figures 2 through 189. Each figure 
identifies alloy code number (see Table 1), specimen number, test 
temperature, strain range, strain rate and cycles to failure. 

A typical hysteresis loop for each test is presented 
in Figures 190 through 288. It was the intent here to show the 
cyclic stress-strain behavior near half-life but in many cases no 
hysteresis loops were recorded in the immediate vicinity of Nf/2. In 
these instances the hysteresis loop selected for reporting was the 
one closest to half-life and usually in the region prior to Nf/2. 

The particular cycle used in such plots is recorded in the figure 
along with the temperature, strain range and cycles to failure. 

A final data summary prepared for this report is pre- 3 

sented in Table 2. For each test, values of Ng, the cycles to a 
five percent load range drop, and N-, cycles to complete specimen 
separation, are compared. Some interpretation of Ng had to be made 
in those instances where cyclic softening was exhibited. In these 
situations the plot of load range versus cycles on semi -1 ogari thmi c 
coordinates indicated a gradual decrease in the load range as cycling 
progressed and it was not possible to identify a stabilized load 
range for calculating a five percent reduction. The special inter- 
pretation adopted for these cases involved the selection of that 
point on the load range plot where a change in curvature first 
began to appear as the load range began to decrease rapidly as 
failure approached. A five percent drop from this load range value 
was then used to establish the value for Nc. In a few cases no 
value of Ng is reported (in Table 2) due either to the fact that the f 

specimen failed before a five percent load range reduction was reached 
or, because of the orientation of the crack with respect to the ex- 
tensometer tips, the load range actually increased slightly near the 
failure point. 




Table 1 - Summary of Low-Cycle Fatigue Tests Performed by Mar-Test Inc. 

in Two Previous Programs 


CONTRACT NAS3-16753; initation date: June 29, 1972 

Alloy Designation Materi al Number of Tests 


Task I 

'k'kic'k'kic'k'k 


R-0 

Zi rconi urn- cop per, anneal ed 

6 

R-1 

Zirconium-copper, % hard 

6 

R-2 

Zirconium-copper, h hard 

8 

R-3 

Tellurium-copper, H hard 

6 

R-4 

Chromium-copper, SA and aged 

6 

R-5 

OFHC copper, hard 

6 

R-6 

OFHC copper, h hard 

7 

R-7 

OFHC copper, annealed 

6 

R-8 ■ 

Silver, as-drawn 

6 

R-9 

Zr-Cr-Mg copper ,SA,CW and aged 

7 

R-10 

El ectroformed copper, 30-35 ksi 

i> 

R-13 

Co-Be-Zr copper, SA and aged 

6 


Task II 





R-2 

Zirconium-copper, H hard 

25 


Task III 





R-2 

Zirconium-copper, \ hard 

17 

R-20 

Zirconium-copper, \ hard 

6 





Table 1 continued - Summary of Low-Cycle Fatigue Tests Performed by Mar-Test Inc. 

in Two Previous Programs 


CONTRACT NAS3-17777; initiation date: June 28, 1973 


Alloy Designation Materi al Number of Tests 

Task I 
******** 

R-24 Narloy Z, HR, SA and aged 29 

R-2 Zirconium-copper, h hard 2 


Task II 


R-21 

NASA 1-lA 

copper alloy, aged 

- 4 

R-22 

NASA 1-lB 

copper alloy, as-received 

20 

R-23 

Glidcop AL 

-10 

4 

R-25 

Sputtered 

zirconium-copper, annealed 

4 

R-26 

Sputtered 

zirconium-copper, as- 



sputtered 1 


Overall Total: 


188 tests 
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a) LOAD RANGE PLOTS 
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Figures 2 through 189 
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R- 22-40 538 °C 

( 300 . sec. hold in tension 


Ae = 1 . 2 % 


e = 2 X 10 "'^sec 


- 3 _^-l 
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Figure 187 
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R- 22-44 538 ^C 

(300 sec. hold in compr.) 

Ae = 1 . 2 % 


e = 2 X 10 “^sec“^ 


= 389 cycles 
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b) HYSTERESIS LOOPS 


Figures 190 through 288. 


Note: A frequency of 60 cpm was employed in the 

testing of Specimen Numbers R-24-29, 

R-24-30, R-2-74 and R-2-75. Since this 
frequency was beyond, the response character- 
istics of , the x-y recorder, no hysteresis 
loops could be obtained for these tests. 
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(56 sec. hold in compr.) 
Cycle Number: '974 
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R-2-52 RT.(23“C) 

Cycle Number: 1042 

N^: 2780 cycles 

AS : 1 .6% 
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laaaaaaaaaa aaaaaaaaaaa 

iBaBBBBBaiB BBBBBBBBBBB 
IbBBBBBBBBB BBBBBBBBBBB 
iBBBBaBBBBB BBBBaBBBBBB 
IbBBBBBBBBB BBBBBBBBBBB 
iBaBBBBRBBB BflaBBBBBBBB 
iBaaaBBKBBB BBiiBaaaBBBa 
'□BBaBBBBBB BaBBBBBBBBB 
laiBBBBBBBB BBBBaBBBaBB 
iBBBBBaBBaa BBBBaiBBBBB 
iBBBaBBBBBB BBBBBBBBBBB 
IBBBBBBBBBB BBBBBBBBBBB 
iBaBBBBBBBB BBBBBBBBBB^ 
IBBBBBBBBBB BBBBBflBBaB 
IBBBBBBBBBB ■BBTiTX'IBBBB 
liirHSI/jlBBa ■UBBABBaBB 
.^.iBBaiiaaBB bbbbbbbbbbb 

IBBBBBBBBBB flBBBBBBBBBB 

Ibbbbbbbbbb bbbbbbbbbbb 

iBBBBaaBBBB BBBBBBBBBBB 


BBBBBBBBBBaBBBBBBBBBBBBBBBBBBaBBBBBaBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBB 
BBBaBBBBBBaBBBBBBBaBBBBBBBBBBBaBBBBI!=====S="S»SSa==SaBaBBBBBBBBBBBBaBBBBB 
BBBaBBaaBBBBBBBBiaBBaBBBBBBBBBBBBBIgBBBBBBBBBBBBBBBBBBIIBaBBBBBBBBBBBBiaBBBB! 
BBBBBBBBBBBBBBBBiBBBBiBBBBBBBBaBBaaBBBBBBBBBBBBBBBBBBlIBBBBBBBBBBBBBBBBBBBBL 
BBBBBBBBBBBBBBBBBaBBaBBBBBBBBBBBBI,BBBBBBBBBBBBBBBBBBBIIBBBBBBBBBBBBBBBBBBBBL 
BgsaBMiMMMMBMMBBBaBBaBBBaaaBBBaijaBaBaBB BBBBBBB aaaBBijaBaaaaaaaaaaaBBaBaBBp 
aBBBBBBBBBBBBaiMlBBBBBBBBBBBBBBBlIBBBBBBBBBBBBBBBBBBBIIBaBBaBBBBBBBBBBBBBBBp' 
nBBBBBBBBBBBBBliBWBBBaBBBBBBBBaBfllBBBBBBBBBBBBBBBBfBVBBBBBBBBBBBBaBBBBBBBBl 
BBBBBBBBBBBBB[IBBBBBBBBBBBBBBBBBBIIBBBBBBBBBaBBBBBBBBBl|BBBBBBBBBBBBBBBBBBBB| 
BBBBBBBBBBBBaiBBBBBBBBBBBBBBBBBB|BBBBBBBBBBBBBBBBBBBiBBBBB|BBBBBBBBBBBBBB| 
JBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBiiBBBBBBBBBBBBBBBBBBaBBBBBBiBBBBBBBBBBBBBBl 
BBBBBiaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaiBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBl 
BpMBliaBBBBBBIBBBBBaBBBBBBBaBBaaaaaoaBBBBailBIBBBBBBBBBaBBBBBBBBBBBBBBBBBl 

BiiiBiiBBBBBBBliBBBBBBBaBBBBr — 

BBBBBBBBBBBBariBBBBBBBBBBBBI 
BBBBBBBBBBBBaJBBBBBBBBBBBBI 

BBBaBaBBBBBBr,BBBBBBBBBBBBBI. 

BBBBBBBBBBBa'JBBBBBBBBBBBaBBBBaBBBBBBBBBBBBBBBBBBBBBBIiaBBaBBBBBBBBBaBBBBBBBi 

aaaBBBBBBBaaBBBBBaaaaaaaBBBaaiaaBaaBBaaBBBBBaaaaBaaaijBaaaBaBBBaBaaaBBaaaBal 

■■■■■IgSS BBBBBBBB BBBBBBBBBBBBiiBBaaBBaaB aBBB BBBaBaaariBBaBBBBaBaBBBaBBBaBBBl 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB5 

BBBBBBBaBBBBBBBBBBBBBBBBBBBBBiB 

BBBBBBBBBBBBBBaBBBBBaBBBBBBBBiB 

BaBBBBBBBBBBBBBBBBBBaaBBBBBBBBBi 


ibbBbbbbbb 


BBaai 

iBBam^ni 

BBBam 


BBBBBBBBBBB 
flBBBaBBBBBB 
■BRriTiriBBBBB 
■BB 4 'aaaBBr~~ 


BBBBBBBBBBBBI 


ibbbbSbbbi 
IBBiBBBBBI 
IBBBBBBBBI 
IBBBBBBBBI 
IBBBBBBBBI 
IBBBBBBBBI 
iBBBBBBaai 

IBBBBBBBBI 

IBBBBBBBBI 

IBBBBBBBBI 

IBBBBBBBBI 

iflBBBiBBBI 

iBBBBlBBBI 


laBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 

JBBBBBBBBBBBBBBBBBBBBaaaBBBBBBBBBBBBBBBBBBBBl 

laBBaaBBaBaaaBBBBBBBBBflBBflBBBflBBflBBBBBBBflBBBBl 


IBBI 


IBBBBBaaBBL 

IBBBBBBBBBBI 


BBBBBBaaBBBBBBBBI ^ 

Ibbbbbikii.: i:i;i:»:kiir(Kai 

iBBBBBaBaaBBBBBI 


iBBBaBBBBBBBBBBaaaaai 
UBBBBBBBBBBBBBBBr~ 
._JBBBBBaBBBBBBaBBBI 
IBBBBBBBBBBBBBBBBBBI 
iBBBaBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBI 

laaaaaaaBaBaaaaaaBaaaBi 


IBBBBBBBBBBBBBBBBBBBBI 


iBBBBiBBBBBBBBBBBBBBBBBBBBBI 

IBBBBaaBBBBBBBBBBBBBBaBBBBBI 

IBBBBBBBBBaBBBBBBBBBBaBBBBr' 

laaaaaBaaaBBBaaaBBaaaaaaaBi 


R-2-67 


538"C 

(300 sec. 

hold 

in tension) 

Cycle Number: 

23 

Nf. 

218 

cycles 

A£ : 

5.0% 



BBBBaBBBBBI 


iBBBiBBaaaBl 

^JBBBiBBBBBBl 

iBBBaBBaaBBBl 


|BBBBBBBBBBB| 

IIBBBBBBBBBBI 

|bbbbbbbbbbb| 

|bbbbbbbbbbb| 

iaBBBBaBBBBBl 

IbbbbbbbbbbbI 

iBBBaBaBBBBBl 

.jbbbbbbbbbbbI 

IBBBBBBaBBBBBi 

~ibbbbbbbbbbb| 

IBBBBBaBBBBBi 

IBBBBBBaaBBBl 



■■■I 




IBBBBBBBI 

IBBBBBBBI 

IBBBflf1T]QiI4i14aFiaBViTiTiTafll 


IBBBI 


IBBBBI 


IBfll 


BiiTiiiBnananaBTiTi^inBBsann^nflBi 


IMBHBMBHr 


IBBI 

IBBI 

IBBI 


ll]iM»Jliai!a»JLl»IBaa^B*JBBBBB!^!ZimB.'iai5 *l «i>JBiTi,Tj;iBBqiItftmiBBI 


IBBBBBBBBBBBBI 


IBBI 


IBBI 


^BBBBBI 


IBBBI 


IBBMI 

IBB>^BI 


iBBBBffirrTIBI 


IBB^ll 


IBBI 


IBBI 


IBBBI 

IBB BBBBBB 


as 


IBBI 


IBBBI 


IBBI 


IBBBI 


IBBBBBBI 


IBBBBBBBBBBBBBBI 


IBBI 


IBBBBBI 

IBBBBBI 

IBBBBBI 

IBBBBBI 


IBBBBI 


IBBI 


IBBI 


IBBBBBBBBBBI 
IBBBBBBBBBBBI 
IBBBBBBBBBBBI 
IBBBBBBBBBBBI 
IBBBBBBBr- 


IBBBBBBBBBBBI 


IBBI 


IBBBBBBBI 


IBBBBBBBBI 

IBBBBBBBBBBI 
IBBBBBBBBr— 


IBflBl 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


IBBB BBBTiiTiiTiIBBBBBBBI 
IBBBBBBF 


IBBBBBBI 


IBBBBBBBBBBBBBI 


BBBBBBBBBBBBBBBBBBBBBBBI 
"IBBBBBBBBBBBBI 


IBBBBBBBI 


IBBBI 


IBBBBBBBBBBBBBBBBBBBBB BBI 


IBBBBBBI 


IBBBBBBBI 


IBBI 


IBBBBBBBBBI 


IBBBBI 


iBBBBLfiriBi 


IBBBI 

IBBBI 


IBBI 


IBBBBI 


■E’ 

III 


IBBBBBBBBBBBBBB I 


IBBBBBBBBBBBBI 

IBBBBBBBBBBBBI 


IBBBBI 


IBBI 


IBBI 


IBBBBBBBBBBBBBBBBBBI 


IBBBI 


IBBI 


IBBI 


bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbipbbbbbbi 


IBBBBBBBBI 


IBBBBBBBI 


IBBBBBI 


IBBBBBI 


IBBBBBBBBBBBBBI 


IBBBBBIiTiYiBBL 

IBBBBBBBBBBBBI 


Ill 


IBBI 


IBBBI 


IBBI 


IBBBBI 


rs 


IBBBBBBBI 

IBBBBBBBBBBI 

IBBBBI 


IBflrBI 


IBBBBBBBI 


IBBRUBI 
IBKBBBI 
IBBI 


iBBi:i 


IBBI 


IBUBI 


IMI 


-JBBBBBI 
IBBBBBBI 


IBBBBBBI 


IBBI 


a; 


IBBBI 


IBBBBBBBBiBBBI 

IBBBBBBBinBBI 


-JIBI 

IBBBI 


IBBBBI 


IBBI 


IBBBBBB_ 
IBBBBBBBI 


IBBI 


IBBBBBBI 


IBBBBBBBBBBBI 

IBBBBBBBBBir" 

IBBBBBBBBBfil 


IBBBBBI 


-JBIIBI 

IBBllill 

laar 


IBBBBBBNI 


IBBBBI 


IBBI 


IB BIIBBBBBBBBBBBI 

IBBBBBBBI 

IBBBBBBBI 


IBBBIBBBBBBI 


Mill 
IBBBBBBIII 


IB IBBI 


IBBB II 


IBBBBI 

IBBBBI 


irii 


iBBr^'ii'^i 

IBBilkiai 


IBBET.TtiBBBI 

I bbbbaabbbi 


IBBBBBI 


IBBBBBBI 


IBBI 


IBBBBfil 

IBBBRr 


IBBBBBBI 

IBBBBBBI 


IIIBBI 

IBBBIIBBI 


IBBI 


IBBI 


mi 


IBBI 


IBBBi 

IBBBI 


IBBBBBBBBBB IBBBBBBBBBBBBBI 
IbBBBBBBBBB IBBBBBBBBBBBB r 

Ibbbb8bbbbb laaBBBaaBBBaBBi 

BBBBBBBBBB BBr.flTiTiBBBBBBBr 
IBBBBBBBBBB UBB^BBBBBBBI 
iBBBannaBH ■BBBBBBBBBBBfll 

Baaaaaaaaaa 
iBBaaaaaaaaaaaaaaaaaaaaas 

BBBIKiKId.-iZkiCirili'BBBBBBBI 

BBBBBBBaBBBaBMBBBB BBBI 

I BBBBBBBBBBBBBBBBBBBBBBBI 

Ibbbbbbbbbbbbbbbbbbbbbbbi 

Ibbbbbbbbbbbbbbbbbbbbbbbi 


IBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBI 


IBBBBBBBI 

IBBBBBBBI 

IBBBBBBBI 


BBBBBBBBBBBBBBBBBI 


IBBBBBI 


BIIBI 


IBBBBBBBBI 


IBBBBI 


III! 


IBBBBBBI 

IBBBBBBI 


R-2-69 


538'^C 

(300 sec. 

hold in 

compr . 

Cycle Number: 466 


948 cycl 

1 es 

A£ : 

4.62% 



SB 


IBBI 


IBBI 

ibbI 

ibbI 


IBBBBBBI 

ibbbbbbI 

"IBBBBBI 


ibbbbbbI 

ibbbbbbI 


ibbbbbbI 

i8nB8B] 

ibbbbbbI 


IBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBI 

1BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


I BBBBBBBBBB BBBBBBBBBB BBBBBBBBBI 


IBBBBBBBBBBBI 


bbbbbbbbbBbbBbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

bbbbbbbbbbbbEbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 



!■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■lidMHifiivinHnBBBaBi 

Ibbbbbbbbbmbmbmbbbbbbbbbbi 

Ibbbbbbbbbbbbbbbbbbbbbbbbi 

Ibbbbbbbbbbbbbb^bbbbbbbbbi 


BB 


■■■■BBBHIHHBnBHHH 

BBBBBBBHHHBHBBBBBHB 

BBBBHQaiIBi149iTaBBiTiTil9 

BBBBUll!IllSi!5!iLI»lBB!i!iBU 

BBBBBBBBBBBBBBBBBHHB 

BBHBBBHHHBMIHHHn 


._JBBBBBBiBBBB| 

IBBBBBBBBBBBBBl 


BBBBBBBBBBBBBBBBBBBBBB 


BBBBBBI 

BBBBBBI 


■■■■BaBBnmBn^nuHlHM 
[BBBBBB^BBBBBBBSBBBBBBBBBI 
BBBBBBiiilBBBBBB^BBBBBBBBBI 
BBBBBBBBBBBBBBhBBBBBBBBBI 
BBBBYiiTiT<BBaBBHaaaaBaaBBBBL 
BBBBBliBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB IBRYiTiiTiilBBBBBBBB 
,BBBBBBBBBB«BBiiiiBBBBBBBBB 
IBBBBBBBBBBBBBBBBBBBBBBBBB 
iBBBaaBBBaajiBBBBBBBaaaaaaa 
aaaaaaaaaaaaaaaaaaaaBaaa 

BBBBBBBBBB IBBBBBBBBBBBBBB 
liBBBBBBBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBBBBBBBBBBBBBBBBB 
|BBBBI:Cf|BaBBBBBBBBBBBBBBBB 
'BBBBaaiiBBBBaBTiTIYBBBBBBlBBI 
BBBBBBBBBB BBBKiTBflBBBBBBii 
BBBBBBBBBB.BBBBBBBBBfl BB^B| 
BBBBBBBB BBBBBBg BBBBBBB^I 

.BBBBBBBBBB BBBBBBBBBBBB^^' 

IBBBBBBBBBB BBBBBBBBBBBBI 

TBBBBBBBBBBBBBBBBBBi 

JBBBBBBBBBBBBBBBBB~ 

iBBBBBBRBBBBBeaBBBfBBB . 

Ibbbbbbbbbb BBUBBBBBBBBBI 
[BBBBBBBBBB BBBBBBBBBBBBI 
MBBBBBBBBB BBBBBBBBBBBB| 

[BBBBBBBBBB BBBBBBBBBBBBI 
[BBBBBBBBBB BBBBBBBBBBBBI 

a '*BBBSBBBi'BBBflBBBBBflBB] 
BBBBBBBflBBBBBBBBBBBBBl 
IBBBBBBBBiBBBBToTHTBBBBBBi 
iBBBBE^’iirnBBB ■BBBBBBBBBBBI 

[bbbbbbbbbbbbbbbbbbbbbbi 

[BBBBBBBBBB BBBBBBBBBBBBI 

[BBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBL_- 
[BBBBBBBBBB BBBBBBBBBBBBBB BBBBBBBBB BBI 

[BBBBBBBBBBBBBBBBBBBBBBBr 

^ IBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBfl BBBBBBBBflBBBBi 

IBBBBBBBBBB ■BRriTiTiBBBBBBBi 
[BBBBBBBBBBBBBBiiBBBBBBBBi 
[BBBiinnnBBB BBBBBBBBBBBBr 
iBBBBiliiMBBiBBBBBBBBBBBBL^ 

[bbbbbbbbbbbbbbbbbbbbbbbi 
[bbbbbbbbbbbbbbbbbbbbbbbi 

jrarK i:i;i:i:f£«{ni»BBBBBB| 

ibbbbbbbbbbbbbbbbbbbi 

IBBBBBBBBBnBBBBBBBBI 

[BBBBBBBBBBBBBBBBBBBBBBBI 

[bbbbbbbbbbbbbbbbbbbbbbbl^ 

Ibbbbbbbbbbbbbbbbbbbbbbbbi 

[bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 
[bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 
[bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 
[bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 
[bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 


BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBI 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBIBBBBBBBBBBBBBBBBBBBBI 

BBBBinniiinananaBmnma.'anBTnBBi 

BBBBEUilUBJiaiSaU^lBUA'IilUBB^illlUlk'IBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
bbbbbbbbBbbbbbbbbbibbbbbbbbbbbi 

BBflBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBIBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBUBBBBBBBBBBBBBBBBBBBBBI 

IBBnBBBBaBBBBBBBBBaBBBBBBI 

IBBBBBBBBBBBBBBBBBBBBBnBBi 
IBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBr 

IBBBBBBBBB BBBBBBB B B^^^^^^^^^ ■■■■■■■■■ 

iiBIBBBBBBBBBBIBBIBBBBBBinBBBBBBBBBBnBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 

bbbbbbbbbbbbbbbbbbbibbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

bbbbbbbbbbbbbbbbbbbibbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

bbbbbbbbbibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


IBBBBBBBBBBBI 

ibbbbbbbbbbbI 

IBBBBBBBBBBBI 

ibbbbI 


IBBBBBBBBBBBBBl 

IBBBBBBBBBBBBBl 


IBBBBI 

Ibbbbi 


JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

bbbbibbbbbbbbbbbbbbbbbbbbbbbibbbbbbbbbbbbbbbbbbbbI 
— IBBBBBBBBBBBBBBBBBIBBir 


IBTil 


IBBlIBBBBBBBBfjl 

ibbbbbbbbbbbbI 

JBBBBBBBBBBBBI 

HBBBBBBBBBBBBlj 

IbbbbbbbbbbbbbIi 


IBBBBBBBBBBBBii!l 
bbbbbbbbbbbbbB I! 

IBBBBBBBBflBBBBI 


isisKsissii 

I IBBBBBBBBBB 
J IBBBBBBBBBB 
IBBBBBBBBBBB 


ibbbbbbbbbbbI 
ibbbbbbbbbbbI 
^bbbbbbbbbbbI 


■HIWBBB BaBBBBBBBBaBBBBWiB WWHi BBgaS gSSSBBB i 
■WwBb bMbbbbbbbb1bbbb»» wbb— B— W i 

SBBaBBBMBBBBBBBBBBBSBjB^HIBIIlIPPiBj 

IBBBBBBBBBBBBBBBBBBBBBMlHaBBnnBBBIBBBBii 

IBBBBBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBBBBlIBBBBBr 


IBBBBBBBBBBBI 

ibbbbbbbbbbbI 


ibbbbbbbbbbbI 

S bbbbbbbbbI 
bbbbbbbbbI 
ibbbbbbbbbbbI 


R-2-73 


538'^C 

(300 sec. 

hoi d 

i n tensi on 


and 

compression ) 

Cycle Number: 

117 

K’- 

234 

cycl es 


IBBBBi 


IBBBBI 

ibbbbI 


BBBBi 

bbbbI 

^bbbbI 

■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbiibbbbbbbbbbbbbbbbbbbI 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbibbbbbbbbbbbbbbbbbbbbI 


nnnnnBBBBBBBBBBBBBl 
IBBBBBBBBBBBBBBBBBBBflBBi 
IBBBBBBBBBBBBBBBBBBBBBBI 

.JBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBi 

IBBBBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB! 




■■■■■■■■■■■■■■■■■■■■■■■■■■a 

Ibbbbbbbbbbbbbbbbbbbbbbbbi — 

IBBBBBBBBBBBBBBBBBBBBBBBB 


IBBBI 


BBBBI 




BBBBBBBii::ikMHIff 

BBBBBBBBBHBMBMBBBBBBBBBBB' 
BBBBBBBBBBBBBBiPBBBBBBBBBr 
iBBBBBBBBBBBBBB^BBBBBBBBB 
iBBBBBflBBBBBBBB^BBBBBBBBB 
l-BBBBBBBBBnBBB-SBBBBBBBBB 
BflBBBBIKBBBBBBBd-aBflBBBBflfl 
.BBBBBB^BBBBBBBnlBBBBBBBB 
iBBBBBBhHlBBBBBB-BBBBBBBBB 
|BBBflBBiiBBBBBBi.iaBBBBBBBB 
iBBBBViTiTiaBBBBBBBBBBBBBBaB 

Ibbbbbbwbbb bbbbbbbbbbbbbb 

lBBBflBBflBBBBBBTiiT<T.i1BBBBBBB 

Ibbbbbbbbbb bbbbbbbbbbbbbb 

IBBBBBBBBBBBBBBBBBBBBBBBB 
I BBBBBBBBBB BBBBBBBBBB BBBB 
IBBBBBBBBBB BBBBBBBBBBBBBB 
■BBBBBBBBBB BBBBBBBBBB BBBBL- 
IBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibibbbbbbbbbbbbbbbbbbbbbb! — 
'“rntriWB^ — ““zzzzzzzzzzz 

iBBBBBBBBflBlBEiliTiTi'IBBBBBBB 
Ibbbbbbbbbb iBKiiBBBBBBBBBBL. 
IBBBBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBZ' 

.jBBBBaaBBBBBBBB 
iBBBBBBBBBBlBBflBBBBBBaBfli 

.ZZZZZZZZZZ ZZZZZZZZZZZZ3B! 

Ibbbbbbbbbb BBBBBBBBBBBBBBiiBL- 
IbBBBBBBBBB ■BBBBBBBBBBBBBliBBI 
IBBBBBBRBBB ■BRBBBBBBBBaflBflBr~ 
BBBBBBUBBB BBLZflBBBBBBBBBBUB 
HBBBBBBBB ■BBBBBBBBBBBBBBB 

. IBBBBBBBBBBBBr 

BBBBBBBBBB IBBBI 

Ibbbbbbbbbb IBBBI 

Ibbbbbbbbbb ibbbbbbbbbbbbiibb 
Ibbbbbbbbbb iBBaaBBaBBiBBiiBB 
Ibbbbbbbbbb IBBBBBBBBBBBBIIBB 
j BBBBBBBBBB ■IWTirT.'IBBB BBBI IBB 
iBBBBe^TIBpa ■BBHAABBBBBBBUBB 
1 BBBBPPPBBB IBBBBBBBBB BBBBkr 
Ibbbbbbbbbb iBBBBBBBBB bbbbbb 
IBBBBBBBBBB IBBBBBBBBBBBBBBB 

Ibbbbbbbbbb ibbbbbbbbb bbbbbb 

iBBBBBBBBBB^IBBBBBBBBa BBBBBB 

Ibbbbbbbbbb ibbbbbbbbbmbbbb 
Ibbbbbbbbbb ibbbbbbbbb bbbbbbi 
Ibbbbbbbbbb ■■RTiTiTi'iBBB BBBBBBf 

|BBBBBBBBBB:iBB«iPBflBBBBBBI 

BBBnniiiiaBP ibbbbbbbbbbbbi 
BBBB iiiliiBBBaBBBBBBBBBBBB 
Ibbbbbbbbbbbbbbbbbbbbbbz 
Ibbbbbbbbbbbbbbbbbbbbbb 
Ibbbbbbbbbbbbbbbbbbbbbbi 

iBaBBBIUlKIJJrltkiCiriK'IBBBBa 

I BBBBaBBBBBBBBBBMflflBB BBI 

Ibbbbbbbbbbbbbbbbbbbbbbi 
Ibbbbbbbbbbbbbbbb'BBbbbbi 

iBBBBBBBBBBBBBBBBBBaBBBI 

Ibbbbbbbbbbbbbbbbbbbbbbi 
IBBBI 


■BBI 


IH» 

liJlJ 


IlililiiaBBBBI 

is*i*/bubbb5i 


IBB BBBBBBBBBB BBBBBBBBBBBI 

vii:inB na7T^naB:iv]i:YBB2'an:i7TiBBi 

aUiJilB aT I ilBB»JI IkUl 1 1 IBBI 

■bbbbbbbbbbrbbbbbbbbbbbbbbi 


BBBBBBI 


IBBBBBBI 


IBBBBBI 


IBBBBBBBBBI 


IBBi 


IBBBBBBBBBBBBBBBBI 


IBBI 


IBBBBBBBBBI 


■BBBBI 


BBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBr~ 


IBBBBBI 
IBBBI 


IBBBI 


IBBBI 

llliBBaBBllBii 


IBBBI 


IBBBBBBBBBBBBBBBBI 


IBBBI 


IBBI 


laBi 


IBBBI 

IBflr~ 


IBBBI 


MB] 


IBBBBI 

IBBBP* 


tBBI 


IBBBBI 


■^ZmBBBBIBI 

IBBBBBBBliBI 

IBBBBBBBlifll 

IBBBBBBBliBI 

IBBBBBBBliBI 

IBBBBBBBIir~ 


■■I 

lii 

■1^ 

IBL 

lii 


laflBBi 


IBBI 


IBBBBI 


IBBBBBI 

IBBBBBBI 

IBBBBBBI 


IBBBBBI 


smiBi 


MRI 


■■BBBBBBB 


BBBBRaBBaBB 


BBBBBBBBBBBBBB 


lllfll 
II Ml 
II Ml 


■ iBaBBaBBa 


IBBBI 


IBBBBI 

IBBBBI 


BBBBBBB 


Hill 


iriBBi 


IBEII 


IIIBI 

iriBi 


iriBBi 


■BBBBBBB:: 

-^jbbbbbbb:: 
ibbbbbbbbbb:: 


BBBBBBI 


IBBBBI 


'BBBBI 


IBBBI 


IBBBI 


R-2-61 


538 0/260^^0 


Cycle Number: 198 

N^: 284 cycles 
A£ : 3.5% 


|BB 


IBBB 


BBBBBBBBBBBBB 


BBBBBBB BB 


»BBI 

:1BBI 


IBBBBI 


i:::i 


BBBBBBBBBBBBBBBBBBBBBBBBBBB 


BBBBI IBBBBI 


BBBBB BBBBBBB 


IBBBBBBBBB BBBB 


BB BBBBBBBBBBBBB 


BBaaBBBBBBBBBIBB 


BBBBBBBBBBBBB. 


BBBB’ BBBBI 


BBBBBBB fBBBBBfl 
BBBBBBB IBBBBBB 


:bbi 

9BBI 


BBBBBBBaBBBB 


IIH 

tat 


aaBBBBBBa 


BBBBBBBBB 


BBBBaa' BBB 


BBBBBBBBBB 


::bbi 


IS! 


IBBI 


iidiiir*' 


:UHBI 


MBl 


SSSBllBI 


;:»aHBBBBBi 


R-2-62 


538 °C/ 260 ‘t 


BBBBI 

iBBBI 

iBBBI 


Cycle Number; 119 
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R-24-39 538°C 

(290 sec. hold in tension) 
mill Cycle Number: 14 

mm N.p: 102 cycles 

A£ : 2 . 6 % 



R'24-40 538 C 

(300 sec. hold in tension) 
Cycle Number; 25 

75 cycles 

AS : 2 . 6 % 
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R-24-42 538“C 

(300 sec. hold in compr.) 
Cycle Number: 233 

Nf: 337 cycles 

AB : 2 . 6 % 
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R-24-38 C 

(300 sec. hold in tension) 
Cycle Number: 9 
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R-24-43 b38 C 

(300 sec. hold in compr.) 
Cycle Number: 1410 

N^: 2981 cycles 

AE : 0.9% 
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aaBaar^BBBBBBaaaaaaaaBaaaaaBaaaB«aaaaaaBaBa»BBaaaaaaa 

■bbbb ^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi bbbbbbbbbI 


IBBBBBbSbBB BBBBBaaBBB | 
bbbbbbb bbbb 
BBB gBBBBBBB 
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BBBBBBBB BBaBBBBBBBBBBBBBaaBBBBBBBBBBBBBIiaaBBBSBBBaBaBBaaBBBBBBBBBBaB«BB 

BaaBBBBBBaBBaBBBBBBBBBBBBBBBBBBBBBBBmBBBll 

BaBBBBaBasaBBBaaaBaaa««M»*n««^Bai 


I ■i■|fli■BaBaBBBBBBBBBBBBBBBaBBBBBBBBBBBBa 
■■i■i■■BBBBBaBBBBBBBBB8aaaBaBBBBaaBBBaB 


T...*«aBaaBBBBBBB BBaBBBBBaBaaaBBBBaBB aBBaaBBBaa BBBBBBI 

BaaaaaaBBBaBBaBBBBaaBBBBr 

~BB8BBaaBBaaa BBBBBBBaaa si 
aBaaaaaaBaBBBaaaaaaaBai 

BBBB BBBBBBBB 

Bar ABBBBBBBBBBBBaaBBBBBBBB 

BUBBBBBBBBaBBBBaaBBBBBBBBBBBBBBaBBBBBaBBB 

B BBBBBBBB ■ 


"IliaBBBBBBi 


av BBBBBBBBB BBBBaBBBBaaaa 


B8B4BBaBBBBBaBBBBaBBBaBaBaaBBBBBBBBBaaaa:_ 

aar .BBBBBBeBaBBBBBBBBBaaaBBBBBBBBaBBBBaaBaaBt maBBaaaSHMHHH' BBBBBBBaaaBBBBBBBBaBBaaBBBBBBBB 

gaiaBBBBBaBBaBBaBBaBBBBBBBBBBBBBaBBBBBaBBaB t BBB aBBBMMMMMM IBBBBBBBBBBaBBBBBBBBBBBBBBBaaB BBaBBBBBBBBBBBBBBaBaBBaBBaaaBB BBBBBBBB BB B 
haaBBBBBaBBBBBBBBBBBaflaBBBBBaBBaaBBaaBBBBB iaBBBBBBaMWMMgBBaBBBBBBB BBBBBBBBBBBBBBBBaBBBBBBBBBaBBaBBaBBBBBBBBBBBBBBBBBBaBBBBBB IBB 
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BBBBBiBBBB BaBBBaaB 
BaaaaiaBBBBaaBBBBB 


r BBBBaBBaBBBBaBBBaaaBa ■■BBBBaBBBBaaaBBBaBBMI 

iBBBBBBBBaaBBBBBBBBBai IBBBBaaBBBBBaB BBBBBBBB IBBBBBBBBB, 
■a IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBrBBBBBBaBBBl 
Bi ■BBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBaBBaaBBar BBBflBBBBBBl 
Sr aaBBBaBBaaBBBBBBBaaBaBBBaaBBBBBBBBaBflBBBaaB'jaflBBBBaBBBi 
fl BBBaBBBBaBBBBBBB BBB aBBBBBBBaaaaBBBBaBBaBBBa iBiiaiaiiifl 
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liaaBBBaBBBB 

W aBBBaBBBBBBBBBaBaBBBBBBBaBa88BBa«* ■^ aBBB BBBBBaBBaBBBBBBBBBBBB B B BBBBBI BBMaBaBVnaaMM I 
BBBBBBBBBBBBB BBBBBBaBBBBBaBBBBaaB B BBBBBBBBBBBBaBBBBBB BBaaaBBaBBBBBaBI BBM ■■■■■■■■■■ | 

I t aBBBBBBBBBBBBBBaBBBBBBBBaaBBBBBflBBaBBBBaaBBaaaaBBBaBBBBaBBBBBBaBBBBB .BSa 

'iaBBBflBaBBBaBBBaBBBBBBBBBBBBBBBBaaBaBBBBBBBBBaBaBBBaaaBBBBBaBBBBBBBBB IB bI 

1 IBBBBBBaBBBBaBBBBaBBamaBaaBBBB8BBBaBaBBMBBBBBBflBBaBBaaBBBBBBBBBBBBBB IBaB 
«aaB8aaaBaBBBaaaaBBBBBBBBBBBBBBBBBBBBBBaaaBaBaBaB8aa88B8aBa8BaBaB8aar.aaBl 
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B aaSBaaB BBBBaBBBaBBaUBBBBBB BBBBBaaBBB BBaaai aaBaaaBBBflBliHMMa taaBBBaBBaBBBBBaBBaaBBBBBaBBBBSBBBBBBBaBBBBBBBBBBBBBBBBBSBBBaBl 
II BBBBBBBBBBBBBBBBaBBBVaaBBBBBBBBBBaBBflflBBBBSaBBBflaBaaaBiBHHr 


IBBBBmBBBBBB BBBBBBBBBBBBBB' <BBBI 
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BBBBBBBBBBBBBlI 

BBBBBBBBBBBBBBBBBBBBJ 


R-26-2 5 

Cycle Number: 45 

Nx: 109 cycles 


R-22-18 53 

Cycle Number: 64 

N-: 120 cycles 
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BBBBBBBBBBBBBB^^BBBBBBBBBBBBBBB 
BBBBBBBBBBBBBB^aBBBBBBBBBBBBBB 
BBBBBBBBBBBBBB'aBBBBBBBBBBBBBBB 
BBBBBBPKBBBBBBBJ>flBBBBBBBBBBBBBB 
IBBBBBMBBBBBBB^BBBBBBBBBBBBBBB 
JBBBBBb IBBBBBB^BBBBBBBBBBBBBBB 

BBBBTTilrBBBBBflBBflBBBBBBaBBBBBaB 
BBBBBBii'BBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBTT.T.;iBBBBBBBBBBBBi 
BBBBBBBflBB iflBftBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBLfiTiBpa flBBBaBBBBBBBBBBBBBBB 
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iBBBBBBBBBBBBhBItitBBaBaBBBBBBBBB 
laBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
IbBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
iBBBBBBBBBa BBBBBBBBBBBBBBBBBBBB 


■BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
IflBBBBBrBSB ■SrBBBBBBBBBBBBBBBBB 


tTTT.II 


BBBBBBBBB ■BBBBBBBBBBBBI 
BBBBBBBBB BBBBBBBBBBBBBI 
BBBBBBBBWar.rTtTIBBBBr 

BBninn^SwiBBBaBBBBBI 
iBBBBBBtfBBBBBBBBBBBBBBBBBBBBBBB 
iBflBBBBBBBBBBBBBBBBBBBBBBBflBBBB 
• _j;aBBBBBBBB BBBBBBBBBBrZZZZZZIZZZ 
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BBBBBBBBBBBBBBBI 
,_BBBBBBBBBBBBBBBI 
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BBBflBBBBflBBBBBBBBBBBBBI|BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBB| 
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’iBBBBBBaBBBBBaBBaBBBBBBaBBBBBBBBBBBaflBBBBBBr I 
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ifi'lBBiiBBiBBiBBBBBBB 

|.r JBBBBaaBBBBBBBBBBa 

Kr BBBBB BBBBBaBBBBBBaBBBaBBBBBBBBaBBBaaBBB 

TaBBBaBBBBaBBBBBBBBBBBBaaaBaaaBBaBBBBaBBaaBB JBBri 
r BBBBBB BBBBBBaBBBBBBaBBBBaaBBBBBBBBBBBBBBBBB ABB r 
-iBBBBBBBaBBBBBBaBaBaBBBBBBBBBBBBBBBBBBBBBaBr BBBI 
BAaaBBBaBaBBflBBBBBBBaBBBaBaBaaBBaaBBBBBBaBBB-iBBifl 

■ Bit aaaaaaaBBBBaBBaaBaBaBBBBBBB BaaBBBBBBBflBBBB»«aail 
BMi' .BBBaBBB BaBBaBBBBBaBBaBBBBBa BaaBBaaaaBaBBBBr aa 

■ K-mBBBBBB BBBBBBBBBBBBBBaBBBBB BBflaBBBBBa BBBBB iBB 

IKr aBBaaBBBBaaBBaBBBBflBBaBBaBaBaaflBBBaBBBBBBBraBil 

C t.BBBaBBaB BBBBBBBBBB BaBBaaBaaBBBBBaaaBBBBBBalBMi 
iBaaBBBBBBaBBBBBBBBBBBBBBaBaBBBBBBBaBBaBBr BBfll 
■if BBBBBaBBBBaBBBBBBBBaBBaBBaBBBBaBaflBaBBBaaB /aBBT* 
Kf BBBBBBaBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBrBBlI 

■ ■■■B iaBaaaBaBBBBaaBBBBBBBaaBBBBBBBBBBBaBBaaaaa iBBaa 
■IliPB Mwmmmmmuum BBBaaaaaaBBBBBBBaBBB BaaBaaBaaBar aaBI 

aBaBBaBBBaBBBBBaBBaBBBBaBBaaaaBaaaBBimaa/aiMa 
r BBBaBflBBBBBBaBaBBBBBBaBBBBBBaBBBBBaBBBBBr BBIBII-- 
IB iBBBBaBBBBBaBBBBBBBBBBaBBBBBBBaflBBBBBBBBB iBBIBBlI 
(BABBBBBJiaBBa BBaBBBBBBBBBaBBBBBaa BBBBBBBBBVBbSHHI 
- aaBBaBBBBBB8BBBaBBBflflaaBBBBBBBBBBBaaag|ir BBa^ ■ 

laBBBBaBaBaBBBBBBBBBBaBBBBBBBBBBBaBaBBp ■'BBMH 
waaBBBBBBaBaBBaBBaBaBaBBBBBBBaaBBBBflBBUaBBBlL 

■ ■piBBBBBBBBBBaB BBBBBBBBBBBBBBaBBBBB BBBBB ^iBBBMMHHl 
■ iBf aBBaaBBBBBBaBBBaBBBBBBBBBaBBBBBBBBBB^BiBBBfllHHHl 

■ a (aaBBBaaaBBaBBaaaBBBaaBaBBBBBBBBBBB'.aBBiBi 

B IBBBBBaBaSB8BBBBBBBBBBBBBBBBB8aBB*^BBBBBL_ 

H at BBaBBBBaaaaBB BBBBBBBBBB BBBaBBBB'«BBBBBnBtaaMa|H 

Bl BBBBfl.aBBBBBaaBaBBaBaBBBBBflBB’’.aBBBBB8BnaflHHBH 

e ai flaBaaBBBBBBBaaBBaa8BaaBa*’*:««BBBaBBBBBaMrMHBBHM 

Bl BaaBBBaaaBBBa aaaa*'" .•#aBa8««BBBBBBaaafBiHMBHBI| 

Biaa BBBBBaaaa-*- ....aKBaBBBaaBaBBBBaBaBBBr-' 
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ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
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IBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 

nBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiaBBBaaBaBBBBBBBBBBBai 
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|BBBRKiTiiT. 1 BBBBiBBBBBBBBBBBBBBBB 

iBBBaaaaBBB bbbbbbbbbbbbbbbbbbb 
IbBBBBBBBBB BBBTiiTiTiUiaBaBBBBBBBr 


RiaBaRBaaaaaaaaRaaaRBaaBBaBaB 
aaaaaaaaaaaairaaaBBaaBaaaBBaaB 
— aBaBRaaaiiaaaBaRaaaBBaaa'- 
■ ikiaaaaaaaausla 


.JRBRaBBBBBBiBBBBBBaaaBEiBiBaBl 
IBBBBBBBBBBBir 


BBBBRSS'<S 


Ba'jBRaaaBBBaBBBaaaBaBai. 


■aBBBaaaaaBB naai 


la aaa aBB aaaaa aai 

■■■■HaaBirBniaBiaaaainaiaBaiaaaBaaaamuiaBBaBaaaaaaaaBaBMBaaBBaauBaBaaBBaMBMBai 
iaaaaaaaaaaaaaaaaaa B a aaaa aB a aiaaaBBaaaaaaaaaaaBa aaB Baaaaaaaaat aaiaamfllHB 

BaaBgaaaaaa aaaa aaaaaaaaaaaaaaaaaaaaaaaaBB aaaa aaaaaBBaaaaBaaaaaaaaat.Ba aaMMa 

laaBf^aaaaa a a a a B apa aaaaaaaaaaBaBaaaaaaaaaaaaaaaaaaaaaaiaa aaa aaaa aaa t aawW— 

K BjaaaaaaaaBaaiaaaaaaBaaaaaaaaaaaaBaaaaaaaaaaaaaaaaaaaiaBBiaaaait-^ttiMa 
f aBBaaBaaaaaBaaaaa aaaa aaaaBaaaBaBaBBBaaBaaa aaa aaaaBBBaaaaaaaaaavaSM-W 


laaBBaaaaaaaaa 


aaaaaa 

BaaaBB 


SSSaBBBBBI 


IBBBBBBBBBBRBBBBBBBBBBBBBBBBBB 
IBBBBBBr 

raSraSiaaBaaBi BBBI 

BBBII ■BBBB BBa aBB BaaBBBBB r 

. hriv 

iBBBBaaBBBB ■BBTiTiTiaBBBBBBBBaBBB 

iBBBBaaBBBEJ 

iBBBBBBBBar^ 

Ibbbbbbbbbbi 

iBBBBBBBaBBI 

iBBBBaBBBBB BBaBBaBBBBaBBaBBBBB 
IbBBBBBBBBB ■B aBBBBBBBBBBBBBaBB 
IZIBBRaaBBR ■BBRBBBBBBBBBBBBBBB 
IBBBBBBBBBB ■BBBBBBBBBBBBBBBBBB 
IbBBBBBRBBB aaRBBBBBBBBBBBBBBBB 
iBBBBflBUBBB BBUBBBBBBBBBBBBBBBB 
IBBBBBBBBBB BBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBB BBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBB BBBBBBBBBBBBBBBBBBB 
1 BBBBBBBBB BBBBBBBaBBBBBBBBBBB 
, JBaBaaaaBB BBBBBBaaBBBBBBBBBBB 
IBBBBBBBBBB IBBBBBBBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBBBBBBBBBC 

IBBBBBBBBBB BaBT JTBBBBBBBBBBBBB 
iBBBBiilTIBBa ■aBB^ABBBBBBBBBBBBB 
iBBBBBaaaBB ■BBBBBBBBBBBBBBBBBB 
IBBBBBBBBBB BBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBB BBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBB IBBBBBBBBBBBBBBBBBB 
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(300 sec. hold in tension) 
Cycl€ Number: 4 
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(300 sec. hold in tension 
Cycle Number: 15 
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Table 2 - Values of Ng and for all Tests 

(Ng 1s the number of cycles to a five percent load 
^ range drop and Is the number of cycles to 
complete separation of the specimen) . . 


Total Stralh 


Specimen 

Number 

Temp . , 

Strain 

Range, 

% 

Rate, 

sec”^ 

Ns- 

cycles 

N^. 

cycles 




Zirconium-copper, 

annealed 



R-0-14 

538 

2.0 2 

) 

c 10-3 

680 

1512 

R-0-15 



1.5 



1200 

4188 

R-0-25 

• 


3.5 



220 

283 

R-0-17 



3.0 



190 

307 

R-0-19 

« 


1.7 



1000 

2300 

R-0-21 


2.5 


V 

410 

418 

, 



Z1 rconi um-copper , 

h Hard 



R-1-3 

538 

2.5 2 

) 

{ 10"'"^ 

320 

W 

524 

R-1-4 



1.6 


1 

800 

1088 

R-1-9 



3.5 



170 

562 

R-1-10 



3.5 



180 

447 

R-1-11 

1 

f 

1.2 

\ 

t 

4900 

5590 

R-1-12 

f 

1.35 

! 

r 

, 2100 

3660 


Zirconium-copper, h Hard 


R-2-2 

538 

3.0 

2 > 

t 

lO""^ 

1120 

1615 

R-2-4 



5.0 




280 

366 

R-2-5 



4.0 




480 

552 

R- 2” 1 0 



2.8 




780 

1055 

R-2-ll 



2.0 




720 

1239 

R-2-6 



2.0 




1400 

2051 

R-2-12 

% 

/ 

1.7 

1 

r 


1770 

1770 

R-2-13 

1 

r 

1.5 




2400 

2453 




Tellurium 

-copper, h 

Hard 



R-3-10 

5: 

8 

1 .6 

2 > 

: 

10"^ 

385 

390 

R-3-13 



2.0 




116 

117 

R-3-1 



1.2 




390 

462 

R-3-2 



0.8 




970 

1179 

R-3-4 

• 

# 

1 .0 


f 


660 

802 

R-3-5 

T 

0.5 

\ 



3900 

3908 




Chromi urn- 

copper, SA 

and aged 



R-4-1 

538 

2.0 

2 X 

10"^ 

no 

147 

R-4-2 

J 

I 

1 .6 

J 

L 


290 

354 

R-4-3 


r 

1 .4 

1 

r 


530 

605 


Table 2 continued 


299. 



Specimen 

Number 

■ Temp . , 
°C 

Total 

S.train 

Range, 

% 

Strain 

Rate, 

-1 

sec 

.Ng, 

cycles 



Chromiufti-copper , SA and 

aqed 

R-4-4 

538 

1 .0 

2 X 10"^ 

1600 

R-4-5 


1.2 


970 

R-4-8 

TI 

0.9 

T 

3500 


. R-5-2 
R-5-11 
R-5-1 
R-5-4 
R-5-3 


i 


OFHC Copper, Hard 

_3 

1.6 2 X 10 

2.0 
1.0 
0.8 
1.2 
0.6 



280 

160 


450 

2800 


R-6-1 

R-6-3 

R-6-4 

R-6-5 

R-6-8 

R-6-9 

R-6-11 


538 




OFHC Copper 

1 .6 
0.6 
0.7 
2.0 
0.5 
1 .0 
1 .0 


k Hard 


2 X 10'^ 

I 

i 


82 

630 

3 nn 

40 

900 

180 

200 




R-7-3 

R-7-4 

R-7-1 

R-7-2 

R-7-7 

R-7-9 


i 


OFHC 


2.0 
1.5 
1.2 
1 .0 
0.8 
0.7 


Copper, Annealed 
-3 

2 X 10 

i 


75 

230 

400 

660 

1100 

1300 




R-8-7 

R-8-5 

R-8-9 

R-8-3 

R-8-2 

R-8-10 


R-9-11 

R-9-4 

R-9-1 

R-9-3 


I 


Silver, As-drawn 


3.0 2 X 

1 

CO 

1 

O 

2.5 

590 

1.2 

1700 

1 .0 

2500 

2.0 . 

f 850 

1.5 

r 1350 




Zr-Cr-Mg 

Copper, SA, 

CW and Aged 

2.0 

2 X 10"^ 

700 

3.0 

1 

270 

2.25 

X 

360 

2.5 

T 

300 


cycl ds 


1823 

1102 

3648 


292 

195 

679 

1295 

453 

3606 


85 

691 

418 

56 

1358 

200 

303 


126 

269 

437 

710 

1313 

1613 


344 

603 

1902 

2620 

928 

1381 


843 

357 

500 

346 


I 


1 


300. 


Table 


( 


2 continued 



Temp. , 

Total 

Strain 



.Specimen 

Number 

Strain 

Rate,. 

•Nr. 

Nx» 

”c 

Range , 
% 

-1 

sec 

5 

cycles 

.f » 

cycles 


R-9-8 

R-9-2 

R-9-9 



R-10-3 

R-10-4 

R-10-1 

R-10-8 

R-10-5 

R-10-7 


i 


R-13-5 

R-13-13 

R-13-7 

R-13-10 

R^13-6 

R-13-8 


538 

I 

I 


Zr-Cr-Mq Copper. SA. 

CW 

and aged 


1.4 2 X 10"^ 


1500 

2000 

1.2 1 


X250 

1317 

0.9 T 


4500 

6670 

El ectroformed Copper 

, 30 

1-35 ksi 


_3 

2.0 2 X 10 


30 

148 

1.6 1 


25 

38 

0.8 


450 

1542 



60 

72 

1.0 X 


250 

512 

0.75 T 


1000 

. 1866 

Co-Be-Zr Copper, SA 

and 

aged 


2.0 2 X 10’^ 


70 

90 

1.2 1 


350 

644 

1.5 


130 

212 

1 .0 


450 

680 

0.8 ^ 


700 

1615 

0.7 t 


1800 

3623 


ZirconiwiH"Copper, h Hard 


R-2-26 

482 

6.1 

2 X 10 

100 

204 

R-2-27 



1.41 

1 

2000 

2985 

R-2-28 



6.1 


98 

176 

R-2-29 


Y 

1 .41 


1900 

2135 

R-2-30 

1 

f 

5.0 

T 

145 

265 

R-2-31 

593 

1 .4 

2 X 10"^ 

3100 

3380 

R-2-32 



5.0 

1 

230 

346 

R-2-33 

J 

L 

1.5 


1750 

2008 

R-2-34 

1 

r 

5.0 

T 

175 

234 

R-2-36 

538 

5.0 

4 X 10"^ 

170 

234 

R-2-37 



1.4 

1 


1613 

R-2-39 



5.0 


200 

238 

R-2-40 



1.4 

^ -2 

3000 

3693 

R-2-35 



5.0 

1 X 10 

- 

245 

R-2-38 



1 .4 

1 

2500 

5431 

R-2-41 



1.4 

J/ 

2600 

5215 

R-2-42 



5.0 

¥ 

230 

462 

R-2-43 ■ 



5.0 

200 sec,T 

170 

211 

R-2-44 



5.0 

200 sec,T 

165 

190 

R-2-45 


f 

5.0 

200 sec,C 

253 

253 

R-2-46 

V 

5.0 

200 sec,C 

210 

262 
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Specimen 

Number 

Temp. i 
°c 

Total 

Strain 

Range, 

% 

Strain 
Rate , 

-1 

sec 

N 5 , 

cycles 

Nf, 

cycles 




Zi rconi um-Copper , 

h Hard 



R-2-47 

538 

1 .4 

56 

sec,T 

1100 

1152 

R-2-48 



1 .4 

56 

sec,T 

- 

1062 

R-2-49 

i 

f 

1 .4 

56 

sec ,C 

- 

1947 

R-2-50 

1 


1 .4 

56 

sec ,C 

2800 

3180 

R-2-17 

RT 

3.0 

5 X 

, 10 "^ 

• 

696 

R-2-51 



2.5 



1000 

1102 

R-2^52 



1.6 



- 

2780 

R-2-53 



4.0 



400 

425 

R-2-54 



1.4 



2900 

3283 

R-2-55 



3.0 

t 


70 

141 

R-2-56 



1.4 

1 

f 

250 

503 

R-2-57 



0.9 

3 X 

; 1013 

750 

1784 

R-2-58 

J 

L» 

2.0 

5 X 

; 10 3 

130 

279 

R-2-59 

1 

f 

0.7 

3 X 

; 10 ^ 

2000 

5607 

R-20-1 

538 

5.0 

2 X 

: 10"2 

250 

390 

R-20-2 



1 .4 



4000 

5658 

R-20-3 



2.0 



1200 

1326 

R-20-4 



3.0 



- 

879 

R-20-!) 

\ 

/ 

1.6 


/ 

3400 

3589 

R-20-6 



1.8 



2600 

2700 

R-2-6 7 

538 

5.0 

300 sec,T 


218 

R-2-68 



1 .4 

300 sec,T 

- 

1156 

R-2-69 



4.62 

300 sec,C 

- 

948 

R-2-72 

\ 

f 

1 .4 

300 sec,C 

- 

1224 

R-2-73 


r 

5.0 

300 sec,T,C 

- 

234 

R-2-61 

538/260 

3.5 

8.75 X 10:§ 

240 

284 

R-2-62 

538/260 

3.5 

8.75 X 10 

- 

188 




Narloy Z, 

Cent, cast, hot- 

-rolled. 





solution annealed and aged 


R-24-13 

538 

1.0 

2 x'lO"^ 

1150. 

1169 

R-24-14 



2.0 



260 

331 

R-24-15 



1.2 



870 

1126 

R-24-16 



0.7 



3000 

3601 

R-24-17 



3.5 



92 

99 

R-24-18 



2.5 

"i 

\ 


200 

253 

R-24-19 



0.85 

\ 

-2 

1700 

2469 

R-24-22 



0.9 

1 > 

i 10 

2800 

3909 

R-24-21' 



0.9 


I 

3230 

3586 

R-24-23 



2.6 

1 


290 

339 

R-24-26 



2.6 


f -4 

340 

364 

R-24-20 

\ 

/ 

0.9 

4 > 

! 10 . 

860 

1138 

R-24-25 

1 


0.9 

4 X lO”*^ 

880 

1196 
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Table 2 continued 



Temp . , 
°C 

Total 

Strain 

Strai n 
• Rate, 

Ng , 

N-, 

Specimen 

Number 

Range , 
% 

-1 

sec 

D 

cycles 

T 

cycles 


Narloy Z, Cent, cast, hot-rolled, 
solution annealed and aged 


R-24-24 

538 

2.6 4 X 10 ^ 

120 

154 

R-24-27 

538 

2.6 4 X 10"^_2 

122 

133 

R-24-29 

538 

2.6 5.2 X 10 ^ 

474 

474 

R-24-30 

538 

2.6 5.2 X 10"2 

570 

588 




Zirconium-Copper, H Hard 



R-2-74 

538 

2.6 5.2 X 10”2 

2500 

3132 

R-2-75 

538 

2.6 5.2 X 10"^ 

- 

3480 




Narloy Z, Cant, cast, hot-rolled, 





solution annealed and 

aged 


R-24-33 

593 

0.9 2 X 10“^ 

1180 

1253 

R-24-34 

593 

2.6 1 

160 

191 

R-24-31 

482 

0.9 i 

2800 

2950 

R-24-32 

m r\ r\ 

4oc 

n e T 

c . u ® 

180 

243 

R-24-39 

538 

2.6 290 sec,T 

63 

102 

R- 24-40 



2.6 300 sec,T 

55 

75 

R-24-41 



2.6 300 sec,C 

220 

353 

R-24-42 



2.6 300 sec,C 

220 

337 

R-24-38 



0.9 300 sec,T 

190 

262 

R-24-37 



0.9 300 sec,T 

195 

317 

R-24-43 

\ 

f 

0.9 300 sec,C 

1500 

2981 

R-24-45 



0.9 300 sec,C 

1500 

3392 




NASA 1-lA Copper Alloy, Aged 



R-21-3 

538 

1.5 2 X 10"^ 

1090 

1101 

R-21-4 



3.0 1 

265 

270 

R-21-5 



1 .0 L 

- 

4120 

R-21-6 



5.0 T 

85 

92 




NASA 1-lB Copper Alloy, As-received 


R-22-4 

538 

2.0 2 X 10“^ 

_ 

488 

R-22-5 



4.0 1 

90 

106 

R-22-6 


' 

1.5 1 

- 

1122 

R-22-7 



1.2 T 

1950 

1992 




Glidcop AL-10 



R-23-4 

538 

o 

ro 

X 

o 

1 

OJ 

no 

146 

R-23-7 



0.84 1 

420 

501 

R-23-6 



0.7 i 

620 

710 

R-23-,5 


f 

0.6 T 

2000 

2405 


.) 


I 


j 






0 ) 



.Table 2 continued 


303. 




Total 

Strain 



Specimen 

Temp. , 

n 

Strain 
Range , 

Rate, 

•-1 

sec 

"s’ 

Nf. 

Number 

°c 

% 

cycles 

cycles 


Sputtered Zirconium-Copper, Annealed 


R-25-6 

538 

2.0 

2 ; 

< 10 

50 

58 

R-25-7 


1 

2.0 


1 

80 

109 

R-25-8 

1 

1 

1.0 

1 

\\ 

1 

900 

1261 

R-25-9 

1 

r 

0.8 

\ 

i 

1 

1700 

2392 




Sputtered 

Zirconium-Copper, 

As-s puttered 


R-26-2 

538 

2.0 

2 X 10 "^ 

100 

109 




NASA 1-lB 

Copper Alloy, As- 

received 


R-22-18 

538 

3.0 

4 X 10"? 


120 

R-22-22 

1 


1.2 

4 > 

: 10 “^ 

- 

1224 

R-22-19 


f 

3.0 

1 X 10 

, 190 

251 

R-22-24 

\ 


1.2 

1 > 

: 10-2 

2450 

2903 

R-22-26 

482 

3.0 

2 X 10"^ 

150 

186 

R-22-27 

482 

3.0 



155 

205 

R-22-28 

593 

3.0 



180 

206 

R-22-29 



3.0 



182 

192 

R-22-33 


f 

1.2 


/ 

2880 

2893 

R-22-34 

\ 


1.2 

? 

1900 

2248 

R-22-39 

538 

1.2 

300 sec,T 

77 

88 

R-22-40 



1.2 

300 sec,T 

67 

81 

R-22-41 



3.0 

300 sec,T 

29 

33 

R-22-44 



1.2 

300 sec,C 

389 

389 

R-22-8 

\ 


1.2 

300 seCjC 

- 

622 

R-22-42 

\ 

f 

3.0 

300 sec,C 

240 

282 


